WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
A61B 5/08 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 93/05709 

1 April 1993 (01.04.93) 



(21) International Application Number: PCT/SE92/00675 

(22) International Filing Date : 28 September 1 992 (28.09.92) 



(30) Priority data: 
9102812-6 



27 September 1991 (27.09.91) SE 



(71)(72) Applicant and Inventor: GUSTAFSSON, Lars, Erik 
[SE/SE]; Badhusvagen 8, S-165 71 Hasselby (SE). 

(74) Agent: LINDBLOM, Erik, J.; Flotthamn, S-150 23 Enhor- 
na (SE). 



(81) Designated States: AT, AU, BB, BG, BR, CA, CH S CS, 
DE, DK, ESi FT, GB, HU, JP, KP, KR, LK, LU, MG, 
MN, MW, NL, NO, PL, RO, RU, SD, SE, UA, US, Eu- 
ropean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, 
IE, IT, LU, MC, NL, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: A METHOD FOR ASCERTAINING PREVAILING LUNG CONDITION AND A DEVICE HEREFOR 







El 






(57) Abstract 

The invention relates to a method and to apparatus for ascertaining the current function or condition of a lung or the lungs 
of a living subject (1) chosen for a lung function evaluation, by measuring (3) the nitrogen monoxide content (NO) of the expira- 
tion air. The amount of nitrogen monoxide formed in the lung or the lungs during the expiration phase of one or more respiratory 
cycles and/or the time-distribution of the amount of nitrogen monoxide is compared (5) with the maximal nitrogen monoxide 
content and/or the time-distribution (6) of the nitrogen monoxide content of the exhalation air delivered by a complete, or unim- 
paired, lung function of a living subject, wherein a deviation disclosed by the comparison (9, 11) is normally interpreted as an im- 
pairment of the lung function. 
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TITLE OF toe INVENTION : A Method for Ascertaining Pr 

vailing Luna ConHit.ion and a 
nevice Herefor 



5 TECHNICAL FIELD 

The present invention relates primarily to a method of 
ascertaining the current condition of a lung or lungs of 
a living subject chosen for the purpose of ascertaining 
10 the lung condition of said subject, by measuring the 
nitrogen monoxide content of the exhalation air. 

The invention also relates to a device for indicating 
and/or recording whether or not the current condition of 
15 a lung or lungs of a living subject chosen for the 

purpose of evaluating a lung condition is fully satis- 
factory or maximal or deviates from a maximal value, by 
measuring the nitrogen monoxide content of the exhala- 
tion air. 

20 

KNOWN PRIOR ART 

Since the present invention is based on evaluating the 
amount of nitrogen monoxide (NO) that is produced in 
25 living subjects that have a respiratory cycle, it can be 

mentioned by way of introduction that it is known that 
endothelium cells on the inner surfaces of blood vessels 
produce nitrogen monoxide in the body. 

30 The Applicant has established that alveolar cells, the 
epithelium of the respiratory tract or any other cell 
that is in contact with air-containing parts of the lung 
produces endogenous nitrogen monoxide and that this 
nitrogen monoxide is secreted into the exhalation air- 

35 The Applicant has based the invention on this discovery. 
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The invention is also based on the evaluation of thxs 
formation of endogenous nitrogen monoxide in the lungs 
as a means for assessing the condition of the lungs, and 
on the understanding that this nitrogen monoxide can 
scarcely originate from other organs of the body, be- 
cause, in such case, nitrogen monoxide would immediately 
bind to blood hemoglobin with subsequent decomposition. 

The invention is also based on the understanding that 
the nitrogen monoxide content of exhalation air is 
influenced by different factors, such as by toxic bacte- 
ria, oxygen content or carbon dioxide content of the 
inhalation or exhalation gas. 

in support of this conclusion, it can be mentioned that 
tests carried out in practice have shown clearly that 
the exhalation air contains measurable concentrations of 
nitrogen monoxide when the air inhaled is pure, and that 
the measurable production of nitrogen monoxide in the 
lungs can be blocked by nitrogen monoxide synthesis 
inhibitors - 

Furthermore, animal experiments have shown that when 
blood circulation is stopped and the lungs ventilated 
with the aid of a respirator, the exhalation air still 
contains a measurable quantity of nitrogen monoxide. 
This indicates that the alveolar cells, respiratory 
tract mucus membrane or other cells in direct or close 
connection with the air-containing parts of the lung 
play an active roll in the formation of nitrogen monox- 
ide, and that this occurs independently of or in addi- 
tion to the earlier known formation of nitrogen monox- 
ides in the endothelium cells and which has been consid- 
ered to be stimulated by the blood flow. 

Since the present invention is based on the ability to 
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measure or assay relatively small quantities of nitrogen 
monoxide, it can be mentioned that the possibilty of 
evaluating the nitrogen monoxide content of a gas with 
the aid of chemi luminescence techniques is already 
5 known, e.g. with the aid of Monitor Labs, 8840, N0/N0 2 

analyzer, retailed by Hasselvik AB, Cathrineholms gard, 
Katrineholm, Sweden. 

Nitrogen monoxide (NO) can also be shown to exist in 
10 exhaled air by collecting the nitrogen monoxide in 

distilled water to which iron (II) sulphate is added, 
f reeze-drying the water to dryness and thereafter show- 
ing the nitrogen monoxide in nitrite form, either by 
means of a diazo-reaction according to Martin, et al, or 
15 with the aid of a Niturtest R using a qualitative nitrite 

stick. 

Earlier known measuring instruments operating with mass- 
spectrography can also be used for this purpose. 

20 

Since the present invention is concerned with assessing 
the current condition or function of a lung, it should 
be mentioned that it is previously known to be possible 
to ascertain the condition of a lung or the lungs of a 
25 living subject, such as a human being or an animal, by 

introducing intravenously a trace gas and then assessing 
the concentration and the time dispersement of the gas 
in the exhalation air of one or more respiratory cycles. 

30 Since the present invention is concerned with ascertain- 

ing the current condition or function of a lung, it 
should also be mentioned that it is previously known to 
be possible to ascertain the condition or function of a 
lung or the lungs of a living subject , such as a human 

35 being or an animal, by causing the subject to inhale a 
trace gas and then measuring the concentration and time 
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dispersement of the gas in the exhalation air. Nitrogen 
monoxide has been used as the trace gas. 

Since the present invention is concerned with ascertain- 
5 ing the current condition or function of a lung, it 

should also be mentioned that it is previously known to 
be possible to ascertain the function or condition of a 
lung or the lungs of a living subject, such as a human 
being or an animal, by utilizing a trace gas produced in 
10 the body as a whole and thereafter measuring the concen- 
tration and time-distribution of the trace gas in the 
exhalation air. One such trace gas is carbon dioxide. 

in such earlier known methods, the shape of the curve 
15 representative for the time-wise trace gas concentration 
of the exhalation air is decisive to the lung function 
or lung condition, wherein a steeper curve indicates a 
better lung capacity or condition than a flatter curve. 

20 Other methods of determining the condition of lungs are 
also known to the art, examples of which are to be found 
in the following publications: 

"Medicinsk fysiologi", Ake C Hjalmarsson, pages 185 to 
25 195. Utbildningsforlaget, Stockholm. 1974. 

"An introduction to Human Physiology", J.H.Green, pages 
63 to 74, Oxford University Press, London. 1972. and 

30 "Textbook od Physiology, BDS" , Donald Emslie-Smith et 

al, pages 127 to 139. Churchill Livingstone, Edinborough 
London Melbourne and New York 1988, which methods can be 
practiced when practicing the present invention. 

35 pTRrr-QSPRE Q£ THE PRESENT INVENTION' 
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5 

ZggHKIg&L PROBLEMS 

When considering the earlier known standpoint of tech- 
niques, as described above, it will be seen that a 
5 technical problem resides in providing a method for 
ascertaining the current condition of a lung and in 
providing apparatus capable of indicating and/or record- 
ing the current condition of a lung or the lungs of a 
living subject selected for examination so as to deter- 

10 mine whether the lung(s) of the subject concerned has 
(have) an unimpaired function or whether the lung or 
lungs deviate from a complete or maximal lung function, 
and in realizing the significance of measuring solely or 
essentially solely the occurrence and/or the time-dis- 

15 tribution of the nitrogen monoxide content of the exha- 
lation air during one . or more exhalation phases of one 
or more respiratory cycles. 

It will also be seen that a further technical problem 
20 resides in realizing that the nitrogen oxide content 

and/or the time-distribution of the content of nitrogen 
oxide formed in a lung or lungs (even though the term 
"an exhalation cycle" has been used, it will be obvious 
that several exhalation phases can be used so as to 
25 obtain a more accurate assessment) is of vital impor- 
tance in establishing the current condition of a lung, 
and that a more qualified technical problem is one of 
realizing the necessity of comparing the evaluated 
nitrogen monoxide content and/or the time-distribution 
30 of the nitrogen monoxide content with the values of an 
unimpaired lung function with regard to the nitrogen 
monoxide content and/or the time-distribution of the 
nitrogen monoxide content applicable to a healthy or 
complete lung function • 



35 



It will also be seen that another technical problem is 
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one of realizing that each discrepancy occurring when 
making said comparison of respective nitrogen monoxxde 
contents, maximal total generated during an exhalatxon 
phase or the timewise distribution, shall normally be 
5 interpreted as an impaired lung condition or function, 
irrespective of whether the comparison gives a negatxve 
or a positive deviation. 

An even more complicated technical problem is one of 
10 drawing certain well-found conclusions from a negatxve 
deviation and other well-found conclusions from a posx- 
tive deviation. 

It will also be seen that a technical problem resides in 
15 realizing that when a comparison of the nitrogen monox- 
ide contents shows a negative value, the impaired lung 
condition or function can be readily compensated for by 
administering a larger or smaller quantity of oxygen gas 
and/or by talcing measures to reduce the carbon dioxxde 
20 content. 

It will also be seen that another technical problem 
resides in the ability to realize that when the comparx- 
son of the nitrogen monoxide contents shows a posxtxve 

25 value, the impaired lung condition or function can be 

compensated for, either totally or partially, by admin- 
istering a slower or more prolonged treatment process, 
for instance by overcoming bacterial or other inf ectxous 
influence, activating the immune defense system, reduc- 

30 ing or fully eliminating the influence of irritating 
substances, chemical influence, and/or the effect of 
drug intake. 

It will also be seen that another technical problem is 
35 one of realizing that an impaired lung condition or 

function can be compensated for by eliminating devia- 



tions in the time-distribution of the nitrogen monoxide 
content during an exhalation cycle. This can be 
achieved, for instance, by overcoming bacterial or other 
infectious influences, by activating the immunological 
defense system, by reducing or totally eliminating the 
effect of irritating substances chemical influence 
and/or the effect of drug intake. 

Another technical problem is one of being able to real- 
ize those possibilities that are afforded when measuring 
the nitrogen monoxide content of the exhalation air when 
the patient is under different degrees of stress. 

With the intention of solving one or more of the afore- 
said technical problems, the present invention is based 
on a method and a device for ascertaining the current 
condition or function of a lung or lungs or for indicat- 
ing the current condition or f unction of a lung or lungs 
of a living subject chosen for evaluating lung condition 
or function, by measuring the nitrogen monoxide content 
of the exhalation air in a known manner. 

According to the invention, the nitrogen monoxide con- 
tent and/or the time-distribution of the nitrogen monox- 
ide content formed in the lung or lungs during one (or 
more) exhalation phases shall be compared with a rele- 
vant corresponding nitrogen monoxide content and/or 
time-distribution of the nitrogen monoxide content 
applicable to the complete or unimpaired lung condition 
or function of a living subject, and by interpreting 
each deviation that occurs in said comparison as a more 
or less pronounced change, normally an impairment, in 
the condition or function of said lung or lung. 
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in the event that said deviation is manifested as a 
negative value between respective nitrogen monoxide con- 
tents, the present invention enables the impaired lung 
condition to be improved and to be fully compensated for 
by administering more or less oxygen gas to the inhala- 
tion air or by taking other measures which will reduce 
the carbon dioxide content. 

in the event that the comparison between respective 
nitrogen monoxide contents is manifested in a positive 
value, it is not possible to improve or compensate for 
the impaired lung condition immediately, but that such 
improvement must be achieved by special treatment. For 
instance, such treatment may involve overcoming bacteri- 
al or other infectious influence, activation of the 
immunological defense system, taking measures to remove 
irritating substances, eliminating or reducing any 
chemical influence and the influence of administered 
pharmaceuticals • 

However, when the comparison results in a flattening 
deviation in the time-distribution of the nitrogen 
monoxide content, the impaired lung condition, can pri- 
marily be compensated for by overcoming bacterial or 
other infectious influences, by activating the immuno- 
logical defense system, by eliminating or reducing the 
effect of irritating substances, by chemically retarding 
the influence of harmful immune reactions and of admin- 
istered pharmaceuticals or drugs, by eliminating or 
reducing the influence of lung-cavity restricting or 
airflow restricting influences, or by eliminating or 
reducing the effect of G-forces or immersion, or di- 
mensioning the influence of the blood flow through the 
lungs . 

The invention also enables the function of a subject's 
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lungs to be assessed with the subject under different 
degrees of stress. 

5 Those advantages afforded by the inventive method and 

inventive device primarily reside in the possibility of 
ascertaining the current condition or function of a lung 
or lungs solely by measuring the nitrogen monoxide con- 
tent and/or the time-distribution of the nitrogen monox- 
10 ide content of the exhalation air in a respiratory 

cycle. 



15 The inventive method is mainly characterized by the 

features set forth in the following Claim 1, whereas the 
inventive device is mainly characterized by the features 
set forth in the characterizing clause of the following 
Claim 6. 

20 

BRIEF DESC RIPTION OF THE DRAWING 

. The invention will now be described in more detail with 
25 reference to an exemplifying embodiment thereof and with 
reference to apparatus constructed in accordance with 
the invention and functioning to indicate whether or not 
the current condition or function of a lung or lungs of 
a living subject chosen for evaluation of the subject's 
30 lung condition is complete or maximal or deviates from a 
standard value , by measuring the nitrogen monoxide 
content of the exhalation air in a respiratory cycle, 
and also the time-distribution of said nitrogen monoxide 
content. In the accompanying drawing, 

35 

Figure 1 is a schematic illustration which shows an 
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inventive apparatus connected to the inhala- 
tion and exhalation phase of the respiratory 
cycle of a subject whose lung condition or 
function is to be ascertained; 

Figure 2 illustrates a number of examples of the nitro- 
gen monoxide content and its time-distribution 
in the inhalation air expired in the exhala- 
tion phase of a respiratory cycle. 

Figure 3 is a time diagram which illustrates the concen- 
tration of nitrogen monoxide in the air of a 
large town or city; 

Figure 4 illustrates the variation in the endogenous 

secretion of nitrogen monoxide in response to 
an increasing level of stress in a number of 
persons ; and 

Figure 5 illustrates the amount of nitrogen monoxide 
secreted in response to an increase in the 
physical stress level of two of the persons 
shown in Figure 4. 
rrr ^ TP TT r™ nv M mpr.TPvm TCMBOPTMISNT ftT PRESENT 

25 -pRTCFERRED 

Figure 1 illustrates schematically, and in section, the 
respiratory ducts of a person 1. The persons' lungs are 
referenced la and lb. 

The inventive device includes a tube 2 for exhalation 
gas which is connected to measuring apparatus 3 , suit- 
ably the kind of apparatus described in the introduc- 
tion. Particularly suitable apparatus in this regard are 
mass-spectrometers or those which operate with chemi- 
luminescence . 



20 



30 



35 
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Since such apparatus are known to the art, their con- 
struction and manner of operation will not be described 
in detail here. 

5 A signal which is significant , such as directly propor- 
tional, to the nitrogen monoxide content of the exhala- 
tion air is sent to a comparator 5 over a line 4. 

A reference signal corresponding to a normalized nitro^ 
10 gen monoxide content of the relevant person 1, such as 

the maximal nitrogen monoxide content, the total amount 
of nitrogen monoxide generated during an exhalation 
phase, and/or the timewise distribution, applicable to 
an unimpaired lung condition or function is sent to. the 
15 comparator 5 from a device 6, over a conductor or line 
7. 

It also lies within the scope of the invention to store 
in the device 6 data that corresponds to the time-dis- 
20 tribution or the like of a normalized nitrogen monoxide 
content . 

When the comparison, for instance the comparison between 
a stored normalized maximal value and the instantaneous 
25 measured maximal value results in a negative value, -a 

signal is sent to a device 9 on the line 8, via a device 
5a'. 

Should the value resulting from the aforesaid comparison 
30 be positive, a signal is sent to a device 11 on a line 

10, via a device 5a • Should the value resulting from the 
aforesaid comparison be zero or close to zero, a signal 
is sent to a device 13 on a line 12, to indicate an 
unimpaired lung condition or function. 

35 

Each deviation disclosed by the comparison will normally 
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be taken to indicate an impairment of the lung condi- 
tion. It is necessary to take some degree of care, 
because the changes are not clear, but dependent on 
the individual concerned. 

Thus, in the apparatus illustrated in Figure 1, the 
first device 3, or measuring apparatus, may be intended 
to ascertain the current maximal nitrogen monoxide 
content and/or the time-distribution of the nitrogen 
monoxide content of an exhalation phase of a lung respi- 
ratory cycle. The resultant value or values applicable 
to the curve configuration are intended to be compared 
in the comparator 5 with a reference value corresponding 
to a normalized maximal nitrogen monoxide content and/or 
a normalized time-distribution of the nitrogen monoxide 
content for an unimpaired lung condition of a person 1, 
wherein the reference value pertaining to the time- 
distribution of the normalized nitrogen monoxide content 
is delivered from the device 6 in which said measuring 
values are stored. 



As before mentioned, each deviation shown by the afore- 
said comparison of the respective maximal values is 
interpreted as being indicative of an impaired lung 
function, this interpretation being effected in third 
25 devices 5a, 5a'. 

With reference to Figure 1, when the comparison made in 
the first circuit 5a' between said maximal values re- 
sults in a negative value, a device 14 connected to the 

30 source of inhalation air is activated by the device 9 xn 
a manner to introduce a greater or lesser quantity of 
oxygen gas to the inhalation air, through a pipe 15, 
from a container 14a, the amount of oxygen gas adminis- 
tered being dependent on the magnitude of said negative 

35 value. 
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The device 9 will preferably also be capable of control- 
ling a device 17 in a known manner such as to control 
means for creating conditions which will reduce the 
carbon dioxide content. 

5 

When the comparison made between the maximal nitrogen 
monoxide contents in the circuit 5a shows a positive 
value , the impaired lung function can be compensated for 
by administering a slower or more prolonged form of 

10 treatment. This treatment may comprise overcoming bacte- 
rial or other infectious influences, activation of the 
immunological defense system, the retardation of harmful 
immune reactions, the reduction or elimination of the 
influence of irritating substances, chemical effect, and 

15 the regulation of the quantities in which pharma- 
ceuticals are administered. 

The comparison between the nitrogen monoxide time-dis- 
tribution of the nitrogen monoxide content can be ef- 
20 fected in different ways, although this comparison 
requires measuring apparatus of a more complicated 
nature. 

However, the manner in which the devices represented by 
25 the boxes in Figure 1 shall be constructed in order to 

function in accordance with the af oredescribed processes 
or procedures will be obvious to one of normal skill in 
this art, and consequently these processes and proce- 
dures will not be described in detail. 

30 

Figure 2 is a graph which shows two different applica- 
tions, where the maximal nitrogen monoxide content of 
the exhalation air of a first person A is different to 
the maximal nitrogen monoxide content of the exhalation 
35 gas of a second person B. 
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The full line "A" is intended to illustrate the standard 
maximal nitrogen monoxide content and the standard time- 
distribution of the nitrogen monoxide content of the 
exhalation gas exhaled by a person 1 whose lung function 
5 is unimpaired* 

The broken line &' is intended to illustrate an impair- 
ment in the current lung function, since the time-dis- 
tribution of the nitrogen monoxide content deviates 
10 (flattens-out slightly) from the ideal time-distribution 

"A" , although it is assumed that the maximal value xs 
the same for both curves. 

The graph shown in Figure 2 also includes a standard 
15 curve B and a curve B' which is representative of an 
impaired lung function of the person concerned. 

The illustrated apparatus includes a fourth device 20 
(separated somewhat from the device 5) which enables a 

20 deviation or deviation to be established between the 
time-distribution of the nitrogen monoxide content of 
the. current, normalized . lung function via the line 4 and 
the standard value inserted via the line 7, and when the 
time-division of respective nitrogen monoxide contents 

25 coincide mutually within predetermined tolerance limits, 
there is sent on the line 21 a signal which indicates 
complete or unimpaired lung function, whereas if the 
comparison shows a significant deviation in the time- 
distribution of the nitrogen monoxide content, there is 

30 delivered on line 22 a signal which indicates the struc- 
ture of the impaired lung function in a device 23. 

It should normally be possible to compensate for such an 
impairment by overcoming bacterial or other infectious 
35 influences, by activating the immunological defense 

system, by retarding harmful immune reactions, by reduc- 
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ing or eliminating -the effect of irritating substances, 
chemical influence and the effect of administered 
pharmaceuticals, or by correcting the proportional 
intake and mixture of such pharmaceuticals. 

5 

In the Figure 1 illustration, the inhalation air and 
exhalation gas have been mutually separated for clarity 
reasons and in practical applications both the inhala- 
tion air and exhalation gas may pass either through the 
10 mouth or the nose. 

The curves in Figure 2 are shown in a simplified form. 
In practice, the slope may vary and the curve may be 
displaced laterally, and thus an accurate analysis is 
15 required in order to evaluate the significance of a 
changed curve form. 

It will be understood that the invention is not res- 
tricted to the aforegoing and that the illustrated 
20 apparatus may be modified in several respects and can 

also be applied in other aspects, of which a number are' 
described below. 

It lies within the scope of the invention to administer 
25 pharmaceuticals in a controlled manner by inhalation or 
via the blood, and to administer pharmaceuticals, or 
drugs, through body orifices in a known manner with the 
intention of elevating the level of the maximal nitrogen 
monoxide content. There may be used to this end an agent 
30 designated "substance P" and a substance designated 
"Carbachol". 

The maximal nitrogen monoxide level can be lowered and 
the curve form changed by administering a nitrogen 
35 monoxide synthesis inhibitor, such as nitroarginine . 



WO 93/05709 



PCT/SE92/00675 



16 



10 



15 



The amount and/or concentration of endogenously generat- 
ed nitrogen monoxide is thus influenced by the condi- 
tions that prevail in the respiratory ducts and/or 
lungs, by blood circulatory conditions in the lungs and 
administered pharmaceuticals. 

The amount or concentration of endogenous nitrogen 
monoxide in the expiration air in a respiratory cycle as 
thus a measurement of the lung condition or function and 
can be considered to provide a better method than those 
earlier used, at least insomuch that no exogenous nxtro- 
gen monoxide need be supplied for the measurements. 

in comparison with carbon dioxide, the measured nitrogen 
monoxide has the advantage that it is a gas which xs 
produced in lungs and respiratory tracts rather than xn 
the remainder of the body, thereby providing an 
understanding of the specific metabolic disorder in the 
lungs or along the respiratory tracts and how thxs gas 
is excreted into the exhalation gas. 

The invention can be said to produce a rapid «on-line« 
(immediate) activity in an enzyme system or a group of 
enzymes of significance to the immunological defense 
system, circulation regulation and the nervous system. 

The invention is able to quickly indicate the influence 
of foreign substances or particles in the air inhaled, 
for instance irritating or allergy-promoting substances, 
30 aspiration, cytostatic, immune-influenced processes. 

The invention also enables the influence of physical 
factors on the lungs to be assessed, for instance such 
factors as bum damage, cold damage and oxygen 
35 deficiency. 



20 
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The invention also enables the effect of infectious 
organisms to be measured, or the toxicity of such organ- 
isms or the effect of their toxic substances through the 
influence of body substances. 

The invention can also be used as an indicator of ade- 
quate oxygenation and carbon dioxide level in conjunc- 
tion with respirator treatment. 

The invention can also be used as an indicator on the 
degree of seriousness of bleeding trauma or shock. 

The invention can also be used to measure activation of 
the immunological defense system against tumor cells or 
response to infectious diseases in the respiratory 
tracts . 

The invention can also be used to measure the degree of 
congestion of the lung function, for instance due to 
liquid or gas or foreign bodies, pulmonary oedema or 
rigid thorax, tumors in thoracic cavities or the abdo- 
men, upward pressure from the abdomen and obstructive 
lung function encroachment, e.g. caused by tumors or 
foreign bodies in the respiratory ducts or swelling of 
the mucus membrane and the production of phlegm in such 
deceases as asthma or bronchitis, emphysema, etc. 

The invention can also be used to measure the predesti- 
nation of or occurrence of oxygen deficiency response 
towards altitude sickness. 

The invention can also be used to measure overdosing of 
oxygen, either when administered at normal ambient 
pressure, for instance in the case of respirator treat- 
ment, or when applying oxygen therapy to newly-born 
babies or when hyperbaric breathing in conjunction with 
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deep sea diving, for instance. 

The invention can also be used to determine uneven 
distribution (tolerable or intolerable) of the airflow 
in the lung in relation to the blood flow, either as a 
result of the position of the body (long-term bed pa- 
tients), narcosis, increased or decreased or otherwise 
changed gravitational forces when flying, space flights, 
immersion in liquid. 

Since carbon dioxide lowers the nitrogen monoxide con- 
tent and carbon dioxide is a gas which has a narcotic 
capability, it can be expected that other narcotic gases 
can also influence the nitrogen monoxide content of the 
exhalation gas, and it should therefore be possible to 
monitor the effects of narcotic gases on the body oy 
monitoring the nitrogen monoxide content of exhalation 
air and the time-distribution of nitrogen monoxide 
therein. 

in addition to evaluating the maximal concentration of 
nitrogen monoxide or the timewise distribution during an 
exhalation phase of a respiratory cycle in accordance 
with the aforegoing, it also lies within the purview of 
the invention to evaluate other parameters. For instance 
the inventive method can be used to evaluate the time- 
wise concentration of nitrogen monoxide after a maximum 
value before the exhalation phase has been completed. 

It is also possible to evaluate the concentration of 
nitrogen monoxide in relation to movement of the thorax 
and in relation to the volume of gas exhaled, (irrespec- 
tive of what it comprises) , or in relation to the out- 
flow or the time-dependent concentration of another 
35 indicator gas. 



20 
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In the case of the Figure 2 embodiment, data relating to 
a selected degree of stress or strain can be delivered 
to the device 6 on a line 20. A measurement value devia- 
tion and chosen stress-degree evaluating and receiving 
5 device 21 is intended to record any deviation that may 
occur and a stress degree marking. 

Figure 3 is a time diagram representative of the concen- 
tration of nitrogen monoxide in the air, while Figure 4 
shows the variation in the excretion of endogenous 
10 nitrogen monoxide as a result of an increase in the 

physical exertions of a number of persons or subjects, 
and Figure 5 illustrates the amount of nitrogen monoxide 
excreted by two of the subjects of Figure 4 as a result 
of greater physical exertions. 

15 

For a deeper insight in this regard, reference is made 
to the teachings of Swedish Patent Application filed on 
the 4th November 1991. 

20 It will be understood that the invention is not res- 

tricted to the aforedescribed exemplifying embodiment 
and that modifications can be made within the scope of 
the inventive concept as defined in the following 
Claims . 
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1 A method of ascertaining the current function or 
condition of a lung or lungs of a living subject select- 
5 ed for a lung function evaluation, comprising measurxng 
the nitrogen monoxide content of expiration air, 
characterized by comparing the nitrogen 
monoxide content and/or the time-distribution of the 
nitrogen monoxide content of the gas generated in the 

10 lung or lungs during one (or more) exhalation phases 

with the maximal nitrogen monoxide content and/or the 
time-distribution of the maximal nitrogen oxide content 
of a living subject having a complete or unimpaired lung 
function, and interpreting a deviation manifested by 

15 said comparison as an impaired lung function. 

2. A method according to Claim 1, charac- 
terized in that when the comparison between said 
nitrogen monoxide contents shows a negative value, the 

20 impaired lung function is compensated by administering 
oxygen or by taking measures to reduce the carbon diox- 
ide content. 

3. a method according to Claim 1, charac- 

25 terizedin that when the comparison between said 
nitrogen monoxide contents shows a positive value, the 
impaired lung function is compensated, for instance, by 
overcoming bacterial or other infectious influence, by 
activating the immunological defense system, by retard- 

30 ing harmful immune reactions, by reducing or eliminating 

the effect of irritating substances, chemical influence, 
or by regulating the amounts in which pharmaceuticals 
are administered, or by correcting the rate at which 
said pharmaceuticals are administered. 

35 
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4. A method according to Claim 1, charac- 
terized in that when a deviation in the time- 
distribution of the nitrogen monoxide content is regis- 
tered/ the impaired lung function can be compensated, 

5 for instance, by overcoming bacterial or other infec- 
tious influence, by activating the immunological 
defence system , by retarding harmful immune reactions, 
by reducing or eliminating the effect of irritating sub- 
stances, chemical influence, or by regulating the amount 
10 in which pharmaceuticals are administered or by changing 

the rate at which such pharmaceuticals are administered. 

5. A method of ascertaining the current function or 
condition of a lung or lungs of a living subject select- 

15 ed f or a lung function evaluation when the lung or lungs 
is/are under different degrees of physical stress or 
strain, by measuring the nitrogen monoxide content of 
the expiration air, characterized by 
comparing the amount of nitrogen monoxide that is con- 

20 tained in the lung or lungs of said subject during the 

exhalation phase of one or more respiration cycles while 
the subject is under a predetermined degree of stress or 
strain with a corresponding amount of nitrogen monoxide 
contained in the lung or lungs of a reference subject 

25 having a predetermined lung condition or an unimpaired 

lung condition at the same degree, or essentially at the 
same degree of stress or strain, wherein a deviation 
resulting from the comparison is interpreted as a 
changed lung function or condition • 

30 

6. Apparatus for indicating whether or not a current 
lung function or condition of a lung or lungs belonging 
to a living subject chosen for evaluation of the lung 
function is unimpaired, or maximal, or deviates from a 

35 maximal value, by measuring the nitrogen monoxide con- 
tent of the exhalation air, characterized 
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by a first device for evaluating the current nitrogen 
monoxide content and/or the time-distribution of the 
nitrogen monoxide content during an exhalation phase of 
the lung respiratory cycle; by a second device in which 
the value or values obtained is/are compared with a 
maximal nitrogen monoxide content and/or the time-dis- 
tribution of the nitrogen monoxide content pertaining to 
a fully-functional, or unimpaired, lung of a living 
subject; and by a third device in which each deviation 
manifested by said comparison is interpreted as an 
impaired lung function. 

7. Apparatus according to Claim 6, charac- 
terized in that when the comparison between 
nitrogen monoxide contents gives a negative value, the 
impaired lung function is compensated by administering 
oxygen or by taking measures to reduce the carbon diox- 
ide content .. 



8. Apparatus according to Claim 6, charac- 
terized in that when the comparison between 
nitrogen monoxide contents shows a positive value, the 
impaired lung function is compensated, for instance, by 
overcoming bacterial or other infectious influence, by 
activating the immunological defense system, by retard- 
ing harmful immunoreactions , by reducing or eliminating 
the influence of irritating substances, chemical influ- 
ence, or by regulating the amount in which pharma- 
ceuticals are administered or by changing the rate at 

30 which such pharmaceuticals are administered. 

9. Apparatus according to Claim 6, charac- 
terized by a fourth device which is intended to 
evaluate a deviation in the time-distribution of the 

35 nitrogen monoxide content, wherein the impaired lung 
function is compensated, for instance, by overcoming 
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bacterial or other infectious influences, activating the 
immunological defense system, retarding harmful immune 
reactions, reducing or eliminating the effect of irri- 
tating substances, chemical influence, or by regulating 
5 the amounts in which the pharmaceuticals are adminis- 
tered, or by changing the rate at which said pharma- 
ceuticals are administered, or by supplying blood or 
draining blood, or by any other measure which will 
regulate the liquid balance. 

10 

10. Apparatus for ascertaining the current lung function 
or condition of a lung or the lungs of a living subject 
chosen for evaluation of the lung function under differ- 
ent degrees of stress or strain, by measuring the nitro- 

15 gen monoxide content of the exhalation air, c h a r a c 
terized by a first means which is intended to 
determine the current amount of nitrogen monoxide pres- 
ent in the exhalation air of one or more respiration 
cycles with the lungs of the subject under a predeter- 

20 mined degree of physical stress or strain; second means 
in which the value or values thus determined is, or are, 
compared with the value or values obtained from another 
subject whose lung condition or function is known or is 
unimpaired, with the lungs of said other person under 

25 the same or essentially the same degree of physical 
stress or strain; and by third means in which each 
deviation or discrepancy disclosed by the comparison is 
interpreted as a deterioration of or as an improvement 
in the lung condition or lung function. 
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